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ABSTRACT
Winds outflowing from Active Galactic Nuclei (AGNs) may carry significant amount of mass
and energy out to their host galaxies. In this paper we report the detection of a sub-relativistic
outflow observed in the Narrow Line Seyfert 1 Galaxy IRAS17020+4544 as a series of absorption
lines corresponding to at least 5 absorption components with an unprecedented wide range of
associated column densities and ionization levels and velocities in the range of 23,000-33,000 km/s,
detected at X-ray high spectral resolution (E/∆E∼1000) with the ESA’s observatory XMM-
Newton. The charge states of the material constituting the wind clearly indicate a range of
low to moderate ionization states in the outflowing gas and column densities significantly lower
than observed in highly ionized ultra fast outflows. We estimate that at least one of the outflow
components may carry sufficient energy to substantially suppress star formation, and heat the gas
in the host galaxy. IRAS17020+4544 provides therefore an interesting example of feedback by a
moderately luminous AGN hosted in a spiral galaxy, a case barely envisaged in most evolution
models, which often predict that feedback processes take place in massive elliptical galaxies
hosting luminous quasars in a post merger phase.
Subject headings: galaxies: Seyfert — accretion, accretion disks— line: identification
1. Introduction
The effect of AGN winds on the larger scale
environment, which is commonly referred to as
“AGN feedback”, has far-reaching effects on the
evolution of the host galaxy properties (Di Matteo
et al. 2005, Hopkins et al. 2010). For this reason,
quasar feedback has been extensively postulated
as a fundamental mechanism for regulating the re-
lation of supermassive black holes with their host
galaxies. The recent reports of sub-relativistic X-
ray winds in two very bright quasars (Tombesi et
al. 2015, Nardini et al. 2015) corroborates the
role of highly ionized accretion disc winds as a
source of feedback. Indeed, the X-ray spectra of
some AGNs carry the signature of gas outflowing
at sub-relativistic speed (v ≥ 0.1 c), so highly ion-
ized that the only dominant ions are He-like and
Hydrogen-like ionic species. These systems are
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known as “Ultra-Fast Outflows” (UFOs) and they
are observed in the Fe K band at E≥ 7 keV. Sev-
eral papers reported on UFOs hosted in individual
AGNs (Pounds et al. 2003,2011,2014, Chartas et
al. 2009, Lanzuisi et al. 2012), and statistical
studies show that UFOs are detected in 30-40%
of nearby AGN (Tombesi et al. 2010, 2012, Gof-
ford et al. 2013). The approximate ranges of mass
outflow rate (0.01-1M⊙ yr
−1) and kinetic energy
(1042−45 erg s−1) may be in good agreement with
theoretical predictions for black hole winds (King
2010). However, the very existence of such winds
has been debated within the community (Laha et
al. 2014, Kaspi et al. 2006, Gallo et al. 2013,
Zoghbi et al. 2015) because the intrinsic limi-
tations in the CCD data resolution (E/∆E∼30-
40) and the often uncertain identification of the
atomic transition do not allow an unambiguous
-model independent- confirmation that these fea-
tures represent a bona-fide UFO.
IRAS17020+4544 is a Narrow Line Seyfert 1
spiral Galaxy at redshift z=0.0604 with black hole
mass of MBH∼5.9×10
6M⊙ (Wang et al. 2001),
X-ray luminosity of ∼1.5×1044 ergs s−1 and flux
of 1.6×10−11 ergs cm−2 s−1 in 0.3-10 keV. The
bolometric luminosity of ∼5.2×1044 ergs s−1 es-
timated assuming a conservative bolometric cor-
rection k=10 (Marconi et al. 2004) implies that
the source is accreting at a high accretion rate
(LBOL / LEDD ∼0.7).
2. Data reduction and spectral analysis
XMM-Newton observed IRAS17020+4544 for
160 ks in 2014 on January 23rd and 25th (OBSIDs
0721220101 0721220301), and twice in 2004 for
40 ks (0206860101 0206860201). The X-ray data
include the spectra from the Reflection Grating
Spectrometer (RGS) (den Herder et al. 2001), and
the CCD spectra from the European Photon Imag-
ing Camera (EPIC pn) (Struder et al. 2001). No
background flares due to high-energy particles are
present in the observations. RGS data were pro-
cessed by the standard System Analysis Software
(SAS 13.5.0) tool rgsproc. Due to the minor flux
variability and the lack of spectral changes within
the two XMM OBSIDs of each year (∆Γ=3%,
∆Flux=9%), RGS spectra were combined in one
single spectrum by the SAS tool rgscombine in
order to maximize the S/N. EPIC pn event files
were obtained by applying standard filtering cri-
teria through the SAS task epproc. Source and
background spectra were extracted from circular
regions of 40′′. Background regions were selected
in source-free portions of the CCD. Response ma-
trices were provided by the SAS tools arfgen and
rmfgen. The software used for the spectral analy-
sis is XSPEC v.12.8.2h.
2.1. The continuum and the warm ab-
sorbers
The RGS spectral analysis was carried out on
the unbinned spectrum and the Cash statistics
(Cash 1979) was applied in the spectral fitting pro-
cess. Fit parameters are quoted with 1σ error bars
throughout the paper. The X-ray continuum in
7-35 A˚ was parametrized by a power law modi-
fied by Galactic absorption (Kalberla et al. 2005)
of column density NH=2×10
20 cm−2. The resid-
uals of the spectrum against the best-fit contin-
uum show a forest of narrow absorption features
in the soft X-ray band imprinted by ionized gas
along the line-of-sight to the AGN. We first mod-
eled the warm absorber that was already known
in this source (Komossa et al. 1998). To this pur-
pose we employed the self-consistent photoioniza-
tion code PHASE (Krongold et al. 2003). Each
PHASE component describes one layer of ionized
gas characterized by a particular set of parame-
ters: ionization state U1, column density, cover-
ing factor, turbulent velocity and outflow velocity.
To compute the absorption spectrum we assumed
the ionization balance produced by the incoming
ionizing radiation emitted by the source, there-
fore we constructed the Spectral Energy Distribu-
tion (SED) for IRAS17020+4544 using data from
the Nasa Extragalactic Database and from XMM-
Newton. For fitting the warm absorber four such
absorbing components were required by the data
(Longinotti et al. in prep). The velocity compo-
nent along the line of sight of the 4 absorbers is
found of the order of 102−3 km/s. The photon
index of the power law is Γ=2.8±0.04, as in typ-
ical Narrow Line Seyfert 1 sources. The model
including the power law continuum and the 4 ion-
ized absorbers yields a fit statistics of Cstat=3258
1U =
Q
(4piR2cne)
where Q is the luminosity of ionizing pho-
tons, ne and R are the electron density and the distance of
the wind from the X-ray source, respectively
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Fig. 1.— RGS spectra fitted with the model including a power law continuum absorbed by 4 “slow” warm
absorber components. The inset shows the spectral portion mostly affected by the ultra fast outflow. The
spectrum was binned by 5 instrumental channels for display purposes.
for 2752 degrees of freedom in the 7-35 A˚ band
(Figure 1).
Once the warm absorber was well parametrized
we noticed the presence of additional absorp-
tion features, particularly pronounced in the 18-
23 A˚ band (see inset of Figure 1). Initially, we
tested for the presence of individual absorption
lines by adding narrow Gaussians lines with neg-
ative intensity to the continuum+warm absorbers
model. The line widths are fixed to 0.1 eV and
their position is free. Table 1 reports the list of
the absorption lines detected above a 2σ threshold,
along with their positions and the identification
of the atomic transition. The improvement in C-
statistics is measured for the addition of 2 d.o.f.
and in the spectral band 7-35 A˚ . The results re-
ported in Table 1 show that additional absorption
is required by the data and, supported by this ev-
idence, we proceed to model it in a self-consistent
manner.
2.2. Modeling the Ultra Fast Outflow
The analysis was then restricted to the spec-
tral region where residuals are most prominent
(18-23A˚) and that is the least contaminated by
the warm absorber (see Figure 1), which imprints
only two unblended absorption lines from OVII
and OVIII in this spectral range. The statis-
tics for the model with a local power law con-
tinuum and the 4 warm absorbers fitted in this
band is Cstat/d.o.f.=512/478. We start by adding
to this model a fast outflow component modeled
by PHASE. Four additional such components were
included in the model. After validating the statis-
tical improvement of each of them, five UFO com-
ponents are required by the fit (see Table 2). In
contrast to adding Gaussian lines at random po-
sitions that are not descriptive of the global ion-
ization state of the gas, the use of PHASE guar-
antees that the absorption is modeled self consis-
tently. The lines are narrow and unresolved by
RGS, so the turbulent velocity was fixed to 50
km/s. All UFO components have outflow veloc-
ities consistent with the lines being displaced by
3
20 20.5 21 21.5 22 22.5 23 23.5 24
10
−
20
10
−
19
2×
10
−
20
5×
10
−
20
2×
10
−
19
n
o
rm
al
iz
ed
 c
ou
nt
s s
−
1  
H
z−
1  
cm
−
2
Observed Wavelength (Å)
O
IV
 B
O
V
 B
O
V
I B
O
V
II 
B
O
V
II 
A
O
III
 B
O
V
III
 w
 a
bs
O
III
 E
O
IV
 E
In
st
r F
ea
tu
re
In
st
r F
ea
tu
re
In
st
r F
ea
tu
re
Warm Absorber
Warm absorber features (Fitted)
UFO features (Not fitted)
Fig. 2.— Features from the warm absorber (in-
cluded in the model) and from the UFO (not in-
cluded) do not overlap with each other. Instru-
mental features (in blue) do not hamper the detec-
tion of absorption intrinsic to the source. Labels
are drawn from Table 2 physical model.
v∼0.1c. The final fit statistics for the best fit
model that includes the power law continuum, the
4 warm absorber components plus 5 UFO com-
ponents is Cstat/d.o.f.=409/463. Figure 2 shows
that our analysis is fully capable to separate the
two sets of lines from the slow and fast outflowing
gas without ambiguity. When the best fit model is
extended to the full RGS band down to 35 A˚, the
detection of the UFOs is confirmed, therefore we
are confident that these features cannot be mis-
taken with the absorption lines from the warm
absorber at lower wavelengths. We also tested the
robustness of the UFO detection by estimating its
significance using a local continuum in the 18-23
Angstrom band that does not include the warm
absorber. All five components are detected with
the same significance. Figure 3 shows the RGS
spectrum fitted by the best fit model.
Although an alternative scenario is unlikely
since the pattern of the line series observed in
our data are very well fitted by our self-consistent
model, we have considered the presence of local ab-
sorption (z=0) as possible alternative to the ultra
fast wind. Fitting a PHASE component with ve-
locity outflow fixed within a range consistent with
the absorption being local did not provide a sat-
isfactory fit to the spectrum as the positions of
Table 1: List of absorption lines individually de-
tected above a 2σ threshold. Identifications were
made by matching this phenomenological fit to the
physical model in Table 2.
Obs λ Intensity ∆Cstat Sign. Line
(A˚) (10−5 ph cm−2 s−1) - σ ID
21.18+0.02
−0.02 -2.7
+0.60
−0.60 34 4.5 OVII
22.03+0.04
−0.02 -3.01
+0.89
−0.73 32 3.4 OIV
18.60+0.03
−0.03 -1.54
+0.55
−0.55 19 2.8 OVIII
21.67+0.03
−0.03 -2.17
+0.80
−0.80 21 2.7 OV
21.83+0.03
−0.01 -2.28
+0.92
−0.92 18 2.5 OIII
21.55+0.03
−0.02 -1.76
+0.85
−0.91 8 2.0 OIV
20.93+0.02
−0.03 -1.61
+0.83
−0.82 10 2.0 OVI
the absorption lines if interpreted at z=0, are not
consistent with known ionic transitions. In partic-
ular, most of the local low-ionization absorption
(Gatuzz et al. 2013) at z=0 lies in the range 22-
24 A˚, i.e. above the region where the bulk of the
UFOs lines are detected. Likewise, the absorption
lines cannot be attributed to intervening material
between us and the galaxy, as the measured out-
flow velocity is significantly larger than the reced-
ing velocity of IRAS17020+4544 (18,000 km s−1).
2.2.1. XMM-Newton data of 2004
We tested the presence of the fast outflow in
XMM-Newton archival data of IRAS 17020+4544
obtained in 2004. We kept the baseline model with
the same continuum and the warm absorber as
the overall spectral shape and flux level in 2004
are very similar to those inferred in 2014. This
yielded a fit statistics of Cstat/d.o.f.=514/485 in
18–23 A˚ . When the ultra fast outflow was added
to the model, only component A (i.e. the most sig-
nificant in the 2014 data) is detected in this data
set, with an improvement of ∆Cstat=21. The pa-
rameters of this outflow component are consistent
with the ones reported for 2014. The other four
components are not detected but we cannot statis-
tically exclude their presence in these data. This
test shows that at least one component (A) of the
outflow seems persistent over a 10 yr time scale.
2.3. Monte Carlo Methods
To provide a rigorous estimate of the statis-
tical significance of the outflow detected in 2014
Monte Carlo simulations were performed. Follow-
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Table 2: Parameters of the 5 UFO components detected in the RGS spectrum. The statistical improvement
(5th column) refers to the addition of each PHASE component to the model comprising the continuum,
the warm absorbers and the previous UFO components. The significance is estimated through Monte Carlo
methods.
UFO Component log U Log NH vout Statistics Significance
index (erg cm s−1) (cm−2) (km/s) ∆Cstat
Comp A) -0.39+0.30
−0.15 21.47
+0.18
−0.21 23640
+150
−60 45 9.0σ
Comp B) -1.99+0.33
−0.26 20.42
+0.21
−0.58 27200
+240
−240 26 5.3σ
Comp C) 2.58+0.17
−0.85 23.99
+0
−1.86 27200
+300
−270 10 3.6σ
Comp D) 0.33+1.79
−0.40 21.42
+0.84
−1.28 25300
+210
−180 12 2.6σ
Comp E) -2.92+0.51
−0.14 19.67
+0.34
−0.36 33900
+360
−270 10 2.0σ
ing the approach that was taken for modeling the
UFO in the RGS spectra, the restricted band 18-
23 A˚ was considered. As a baseline model for the
synthetic data sets we assumed the (continuum+
4 warm absorbers) model for testing the signifi-
cance of Component A. For the other UFO com-
ponents we always included all the previous UFO
components in the model as done in the real spec-
tral fitting, i.e. we included (continuum+ 4 warm
absorbers+UFO A) for testing the significance of
UFO B, (continuum+ 4 warm absorbers+UFO
A+UFO B) for testing the significance of UFO C,
etc. For each UFO we produced 1000 simulated
spectra with the XSPEC package. Each realiza-
tion was folded through the same response ma-
trix employed in the spectral fitting, and random
noise was added, therefore each spectrum corre-
sponds to a background-subtracted RGS data set
with same photon statistics as the real data set.
In each simulated spectrum the improvement in
C-statistics for adding a UFO component to the
baseline model was measured and recorded. We
checked that the results were distributed accord-
ing to a Gaussian distribution and this conclusion
led to the significance quoted in Table 2. The sig-
nificance of Component C was estimated by tying
the wind velocity between Components B and C
to be the same within the errors. Given the two
very similar outflow velocities, the information on
the velocity of Component B is used as a prior for
assessing the significance of Component C.
2.4. EPIC pn spectral analysis
We searched for a potential high-ionization
counterpart of the RGS UFO in the 2014 EPIC-pn
spectrum. The data fitted in the 2-10 keV band
with a steep power law continuum (Γ=2.25±0.08)
show a prominent Fe Kα line in emission that was
fitted phenomenologically with a Gaussian profile.
The resulting peak energy is consistent with emis-
sion from ionized material (E=6.95±0.10keV), the
line width is σ=0.26+0.21
−0.10 keV and the Equiva-
lent Width is 150+85
−55 eV. We then added a neg-
ative narrow Gaussian line at the position of the
Fe XXVI atomic transition (6.97 keV rest frame)
blue-shifted by the corresponding velocity mea-
sured in the RGS UFO (i.e. E∼7.2 keV). No ab-
sorption line is detected at this position. The
90% upper limit on the line EW is 14 eV is
significantly lower than the average intensity of
Fe K UFOs (Tombesi et al. 2010). We then ex-
plored the potential presence of absorption lines
at higher energies by adding to the power law
continuum two narrow Gaussians with free po-
sition. Two features are marginally detected at
E=8.75±0.13 keV and E=9.39±0.10 keV, with a
respective intensity of 49±43 eV and EW=64±50
eV. Although the signal-to-noise in this region of
the EPIC-pn spectrum is low due to the sharp
decrease of the XMM-Newton telescopes’ effec-
tive area above 7 keV and to the steep intrinsic
spectrum of IRAS17020+4544, the positions of
the two absorption lines are consistent with being
Fe XXV and Fe XXVI blue-shifted by a velocity
of v∼0.34c.
3. Results
3.1. A stratified multi-component ultra
fast outflow
The simultaneous presence of three UFO com-
ponents required with such a high significance
5
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Fig. 3.— Portion of the RGS spectrum mostly
affected by the fast wind absorption and modeled
by the best fit reported in Table 2.
(9.0, 5.3 and 3.6σ) is, to our knowledge, unprece-
dented. More importantly, the newly discovered
wind presents a much more complex nature than
envisaged so far for UFOs. Components B and C
are separated by four decades in ionizations and
more than three decades in column density, yet
they are outflowing at the same speed.
Most theoretical models of black hole winds
predict that winds at sub-relativistic speed are
bound to reach a ionization level so high as to
produce only absorption in the Fe K band, e.g.
the shock outflow model (King 2010). However,
the unquestionable presence of a sub-relativistic
wind at low-ionization in IRAS17020+4544 breaks
the linear correlation between ionization and ve-
locity of the wind that is predicted by this model
and that inspired the unification scenario for UFO
and warm absorbers postulated by Tombesi et al.
(2013). We note that this scenario has already
been questioned (Gupta et al. 2013, 2015).
The newly discovered multi-component outflow
could be interpreted as gas condensed in clumps
with distinct properties (v, U, NH) embedded
in a high-velocity, high-ionization wind as the
one described in the shock outflow model. How-
ever, it would be difficult to explain how these
clumps may survive for t≥10 yr, as inferred by
the comparison of the XMM-Newton spectra in
2014 and 2004. More likely, the observed absorp-
tion lines are revealing the cooling region envis-
aged in models of black hole outflows right af-
ter the first shock between the wind and the sur-
rounding material (King et al. 2010). In this
model, the accretion disc wind launched with ve-
locity vout suffers an isothermal shock with the
circumnuclear gas, which produces the effect of
slowing the wind to a velocity v ∼ vout4 . The
properties of the two tentative highly ionized ab-
sorption lines reported in Section 2.4 are con-
sistent with the predictions of this model. Al-
though the structure of the outflowing system in
IRAS17020+4544 requires a more elaborate ex-
planation, the observed velocities of the wind
seem in excellent agreement with this scenario:
vout∼0.34c=102,000 km s
−1 (EPIC pn measure-
ment) and v∼0.08-0.11c=24,000-33,000 km s−1
(RGS measurement). Deeper X-ray observations
will certainly help to shed light on the presence
and properties of the highly ionized features.
An additional point of interest of the outflow in
IRAS17020+4544 comes from observations in the
radio band. Recent data obtained by our group
(Giroletti et al. in prep) along with a re-analysis
of archival data (Gu et al. 2010) confirm the pres-
ence of outflowing material on a scale of about
10 pc with a speed lower than ∼0.2c, potentially
in good agreement with the X-ray velocities. The
presence of the radio jet/outflow suggests that the
wind may be magnetically driven or produced by
the interaction of the radio jet with the surround-
ing material. On the other hand, the high accre-
tion rate of the source (LBOL / LEDD ∼0.7) is in
agreement with models of radiatively driven out-
flows (King et al. 2010).
3.1.1. Comparison with other results
Detection of ultra fast outflows in high-resolution
spectra of local AGN with moderate ionization
was already reported. Pounds (2014) reports a se-
cure detection of only one component in the RGS
data of PG1211+143 since the second outflow may
well be associated to local absorption due to the
coincidence of its velocity with the systemic ve-
locity of the AGN. The claim of a dual relativistic
outflow in Ark 564 (Gupta et al. 2013) is based
on measurement of individual lines with veloci-
ties inconsistent with each other, therefore it is
difficult to associate them to the same outflowing
system. Finally, only one absorber was detected
above the threshold of 99.99% in the Chandra
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grating spectra of Mrk 590 (Gupta et al. 2015).
While all these results have certainly contributed
to foster the search for UFOs, none of them un-
veiled an ultra fast outflow constituted by several
ionization and velocity components like the one
discovered in IRAS17020+4544. Our result rep-
resents therefore the first unambiguous discovery
of a fast (v∼0.1 c) multi-component AGN out-
flow in X-ray high-resolution spectroscopic data,
ultimately settling the open controversy on their
existence.
3.2. Energetics of the ultra fast outflow
and consequences for feedback
The energetics of the outflow were estimated
under the common assumption that the outflow
velocity is larger or equal to the escape velocity
at the launch radius r = 2GMBH
v2out
. Taking into ac-
count the lowest and highest velocities measured
in the wind (corresponding to components A and
E, respectively) the launching radius is limited
to be lower than (1.4–2.8)×1014 cm. Following
Tombesi et al. (2015) and Crenshaw et al. (2012)
the expression M˙out=4piµrNHvoutmpCf can be
used for estimating the mass outflow rate in spher-
ical geometry with mp and µ corresponding to the
mass of the proton and to the mean atomic mass
per particle (µ=1.4), Cf as the covering fraction of
the outflow, and NH and vout as the column den-
sity and the velocity of the flow measured in our
data. By expressing these two quantities respec-
tively in units of 1021 cm−2 and 10,000 km s−1,
this formula can be conveniently parametrized
as M˙out=7.3×10
−4 M⊙
yr
NH21
vout(10,000)
Cf gr s
−1,
which yields a relevant mass outflow rate only for
Component C, i.e. M˙out(C) ∼0.26 Cf M⊙yr
−1.
The energy outflow rate can be estimated start-
ing by E˙= 12M˙outv
2
out where the previous expres-
sion for M˙out can be substituted in order to ex-
press the energy outflow rate in terms of the
column density and the velocity of the wind:
E˙=2.31×1040 NH21 vout(10,000) Cf erg s
−1. Con-
sidering the bolometric luminosity, we can express
E˙
LBOL
= E˙
kL2−10
, which for Component C yields
E˙(C)
LBOL
=11%Cf erg s
−1.
The study of the properties of this outflow may
hold important clues for elucidating the contri-
bution of accretion disc winds to AGN feedback.
Even if the outflow covers a small part of the
solid angle, the energy rate is sufficient to power
AGN feedback according to the required minimum
value (Hopkins et al. 2010) of ∼0.5%. Most no-
tably, the AGN luminosity in IRAS17020+4544 is
∼100 times lower than in the sources where the
most compelling evidence for black hole feedback
produced by X-ray highly ionized fast winds was
found (Tombesi et al. 2015, Nardini et al. 2015).
Deep optical images (Ohta et al. 2007) show that
this AGN is hosted by a spiral barred galaxy with
no signs of interactions. Hence, IRAS17020+4544
is the first case of an undisturbed field spiral
galaxy where feedback from accretion disk winds
can regulate star formation and drive the funda-
mental relation between the stellar velocity disper-
sion in the galaxy bulge and the mass of the central
supermassive black holes (Ferrarese et al. 2000).
These findings will certainly offer new insights to
reveal the physical mechanisms at play during the
phase when galaxy evolution is regulated by black
hole feedback.
This paper is based on observations obtained
with XMM-Newton, an ESA science mission with
instruments and contributions directly funded
by ESA Member States and NASA. We thank
the anonymous referee. We acknowledge support
from the ESAC Faculty, INTEGRAL ASI/INAF
n. 2013-025.R.O, CONACYT n.233263. Y.K
aknowledges support from grant DGAPA PAI-
IPIT IN104215 and CONACYT grant 168519.
This paper is dedicated to Prof. Maurizio Longinotti,
Haematologist.
REFERENCES
Cash, W. 1979, ApJ, 228, 939
Chartas, G., Saez, C., Brandt, W. N., Giustini,
M., & Garmire, G. P. 2009, ApJ, 706, 644
Crenshaw, D. M., & Kraemer, S. B. 2012, ApJ,
753, 75
den Herder, J. W., Brinkman, A. C., Kahn, S. M.,
et al. 2001, A&A, 365, L7
Di Matteo, T., Springel, V., & Hernquist, L. 2005,
Nature, 433, 604
Ferrarese, L., & Merritt, D. 2000, ApJ, 539, L9
7
Gallo, L. C., & Fabian, A. C. 2013, MNRAS, 434,
L66
Gatuzz, E., Garc´ıa, J., Mendoza, C., et al. 2013,
ApJ, 768, 60
Gofford, J., Reeves, J. N., Tombesi, F., et al. 2013,
MNRAS, 430, 60
Gu, M., & Chen, Y. 2010, AJ, 139, 2612
Gupta, A., Mathur, S., Krongold, Y., & Nicastro,
F. 2013, ApJ, 772, 66
Gupta, A., Mathur, S., & Krongold, Y. 2015, ApJ,
798, 4
Hopkins, P. F., & Elvis, M. 2010, MNRAS, 401, 7
Kalberla, P. M. W., Burton, W. B., Hartmann,
D., et al. 2005, A&A, 440, 775
Kaspi, S., & Behar, E. 2006, ApJ, 636, 674
King, A. R. 2010, MNRAS, 402, 1516
Komossa, S., & Bade, N. 1998, A&A, 331, L49
Krongold, Y., Nicastro, F., Brickhouse, N. S., et
al. 2003, ApJ, 597, 832
Laha, S., Guainazzi, M., Dewangan, G. C.,
Chakravorty, S., & Kembhavi, A. K. 2014, MN-
RAS, 441, 2613
Lanzuisi, G., Giustini, M., Cappi, M., et al. 2012,
A&A, 544, A2
Marconi, A., Risaliti, G., Gilli, R., et al. 2004,
MNRAS, 351, 169
Nardini, E., Reeves, J. N., Gofford, J., et al. 2015,
Science, 347, 860
Ohta, K., Aoki, K., Kawaguchi, T., & Kiuchi, G.
2007, ApJS, 169, 1
Pounds, K. A., Reeves, J. N., King, A. R., et al.
2003, MNRAS, 345, 705
Pounds, K. A., & Vaughan, S. 2011, MNRAS, 413,
1251
Pounds, K. A. 2014, MNRAS, 437, 3221
Stru¨der, L., Briel, U., Dennerl, K., et al. 2001,
A&A, 365, L18
Tombesi, F., Cappi, M., Reeves, J. N., et al. 2010,
A&A, 521, A57
Tombesi, F., Cappi, M., Reeves, J. N., & Braito,
V. 2012, MNRAS, 422, L1
Tombesi, F., Cappi, M., Reeves, J. N., et al. 2013,
MNRAS, 430, 1102
Tombesi, F., Mele´ndez, M., Veilleux, S., et al.
2015, Nature, 519, 436
Zoghbi, A., Miller, J. M., Walton, D. J., et al.
2015, ApJ, 799, L24
Wang, T., & Lu, Y. 2001, A&A, 377, 52
This 2-column preprint was prepared with the AAS LATEX
macros v5.2.
8
